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ABSTRACT 


Statistical regression equations were derived tospredcice 
mature 24-hour changes in intensity of tropical storms and 
typhoons in the western North Pacific. The predictors were 
chosen from 55 parameters available at six-hourly observa- 
tions of tropical storms and typhoons during the period 1960 
-1969. The dependent data were composited into six catego- 
ries: east-west moving storms, recurving storms, and all 
storms within latitude bands 0-9.9N, 10-19.9N, 20-29.9N and 
30-39 .9N. 

The forecast equations were evaluated on a five-year 
(1955-1959) sample of independent data and compared to the 
forecast verification scheme employed by Fleet Weather Cen- 
ter/Joint Typhoon Warning Center. Two five-predictor equa- 
tions, which require only 12 hours of history, can Dreger 
intensity for the majority of storms within the period July 
-September, and give significantly better results than. cwr- 


rent intensity forecast methods. 
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ieee ODUCTION 


Intensity (maximum wind) forecasts are one of the more 
difficult aspects of present-day typhoon forecasting. The 
processes governing the intensification of tropical cyclones 
are very complex and not well understood; consequently, 
mmere is relatively little information available to aid the 
forecaster. Historically, more emphasis has been placed on 
the storm-movement forecast rather than storm intensity, 
Since an intensity forecast was of little value to the local 
forecast if the storm-track prediction was inaccurate. Only 
recently, with the increased accuracy of track forecasts, 
Meee attention turned to intensity. The Joint Typhoon Warn- 
miemcenter, Guam (FWC/JTWC), did not attempt to verify in- 
Memedty Lorecasts prior to 1969. The basic intensity fore- 
Mereeaing technique used by FWC/JTWC is a linear extrapolation 
of past change in intensity subjectively modified by expected 
conditions along the predicted track (FWC/JTWC 1970). 

A diagnostic approach can be applied to intensity fore- 
meetin e Of tropical cyclones by considering such factors 
eeeoea-Surface temperature, characteristics of the warm air 
mass in which the storm is embedded, and synoptic features 
Seemected along the predicted storm track. This approach 
mainly indicates whether a tropical cyclone will intensify 


or weaken as it proceeds along the predicted track. 





Current emphasis is being placed on climatological 
weudies of tropical eyclone intensification, -andeinesce 
Studies are essentially the only quantitative guidance 
available to the intensity forecaster. Gray (1970) has 
provided a general updated climatology and physical theory 
of tropical cyclones in the western North Pacific. A study 
based on 25 years (1945-1969) of data by Brand and Gaya 
(1971) offers geographic and seasonal variations of tropi- 
@- cyclone intensity changes for 12, 24 and 48 hours. 

More recently Liechty (1972) has demonstrated monthly 
variations of intensity of tropical cyclones. 

Although climatological guides are now available to 
eemaeethe forecaster in predicting the future intensity of 
Meepacal cyclones, the purpose of this study is to provide 
P@ewtorecaster with an additional tool to forecast the 
mere 24-hour intensity of tropical cyclones in the western 
mtetric, This tool will be in the form of prediction equa- 
ieemrs,, Gerived using statistical regression techniques, 
which will quantitatively predict the future 24-hour change 


Pieintensity of tropical cyclones. 





Lila DATA 





me DATA SOURCE 

The data used in this study were obtained from the Naval 
eovironmental Prediction Research Facility, Monterey, Galii— 
Ornia. The data source eonsisted of a history file lor seis, 
mourly information on tropical sore and ea niente (here- 
meter referred to as storms) which occurred in the western 
Merth Pacific Ocean during the period 1945 through 1969 and 
are based on post-season analysis. These data were compiled 
by the National Climatic Center, Asheville, North Carolina, 
for the Navy Weather Research Facility, Norfolk, Wee ecaiad 
and have served as the basis for several studies on intensity 
of tropical storms and typhoons (Brand and Gaya 1971). More 
mecentiy, the same data were used in a study of intensity 
changes of tropical cyclones for the period 1960-1969 


Merechty 1972). 


ae DEPENDENT DATA SAMPLE CRITERIA 

Data were chosen for ane dependent sample from the years 
1960 through 1969, since it was felt that the last few years 
of wind data would be the most complete and accurate eu 
dering the increased use of Doppler radar. Following Liechty 
mro972), it was decided to eliminate storms of the following 


@aecerzoriles: 


Meopical cyclonic circulation which attains™tropical stoma 
intensity (34-63kt) at one time in the life of the storn. 


faoptcal cyclonic circulation “whieh attains typhoenm 2imeem. 
Seay 8 OGkt) at one time am the Life of “tle storm. 


oi) 





1. Storms with an initial northeasterly headings neon 
continued to move to the northeast. 

2. storms which had a genesis west of 1252. 

3. Looping storms, i.e. storms which formed a complete 
moop in the track. 

4. Storms with the first observation reporting a maxi- 
Mum intensity greater than 65 knots. 

In addition, each tropical cyclone was required to have 
a Peehour history. Due to the strong effects of terrain on 
the behavior of tropical cyclones, as suggested by Brand 
(1972), only those storms with continuous track segments 
over open ocean were considered. When a storm track reached 
land, the data were discontinued at the preceding six-hourly 
observation time. 

Mensidering the large variability in the storm tracks, 
the data were first classified into two categories: 

1. East-west moving storms, i.e. storms moving pre- 
dominately in a westerly direction and not looping or 
Becurving. | 

me ReCurvang Storms, i.e. storms which changed direc= 
tion of movement in a clockwise direction from a westerly 
moan easterly component. 

The data were further classified into monthly periods, 
since tropical cyclones exhibit significant monthly and 
seasonal variations in intensity (maximum surface wind) (see 


Liechty 1972). Table I is a summary of the dependent data 


dha 





LAG LE 


Dependent data summary with means and standard 
deviations of future 24-hour change in intensity. 


(a) East-West Moving Storms 


Number of 


Number of Six-hourly Std. 

Period Storms Observations Mean Dev. 
ul y 18 25.0 Ihe te PRES 
August Ze ie oo 7s OP 
September Z2 pala 4.6 eS) 
October 8 ie. real 2 2b 
November 8 102 Ore i) eS: 
Dec-Jun ley 149 5.3 25a 
Jul-Aug-Sep 65 748 Ano 238 


(b) Recurvinge Storns 


dard y | 2 4. -~1.5 lea 
August 1 3) 0. Ore 1054 
September 13 3 2a. SaU ZO re 
October ~ 20 380 Le gas) 
November 9 206 1.5 Dla 
Dec-Jun 12 246 -0.4 23.6 


Jul-Aug-Sep 27 612 a=: 19.4 


2 





sample grouped by months in the east-west and recurving 
eacegories. 

The data ineludedectorms which both intensitied@amnd 
weakened and many which went through a complete cycle of 
intensification and weakening. Since all storms were only 
considered over open ocean, all of the track over land was 
eliminated, thus biasing the sample somewhat in favor of 
Storms which intensified. The magnitude of the means of 
the future 24-hour change in intensity was in general lar- 
ger in the east-west moving storms than in the recurving 
storms, and all mean values were positive in the east-west 
storms. The largest mean values occurred in August and 
september storms. The standard deviations were slightly 
larger in east-west moving storms; however, the standard 
deviations of both east-west and recurving storms are very 
Similar in magnitude. The largest standard deviation of 
@uture 24-hour change in intensity occurred in August east- 
West moving storms. These means and standard deviations 
cannot be rae the worerconempyvebtecnty (1972) since 
Memwas concerned with actual intensities rather than 
changes. Since all observations were over open ocean, the 
weakening of many east~west moving storms was not seen in 
the data, due to discontinuing data 24-hours prior to land- 
fall. However, the entire track of most recurving storms 
was observed, thus accounting for a much larger mean value 
of future 24-hour change in intensity of east-west moving 


storms. 


dig 





In the western Pacific, the frequeney Cl Cocurecncomc, 
typhoons is correlated with potential instability and water 
temperature. Temperature is thought to be an important fac- 
mom ink tropical cycloné intensity ,.and intense tropical 
cyclones are confined to areas with warm surface waters 
(Palmen and Newton, 1969). In view of the fact that temper- 
ature information was not available in this data, the data 
were also stratified into four latitude bands from 0-9.9N, 
10-19.9N, 20-29.9N and 30-39.9N. Stratification of data in 
mrs Manner, to a certain extent, took into account the 
Variation of sea-surface temperature with latitude in the 
Pacific. The data stratified by latitude bands were classi- 
fied into monthly periods. Table II is a summary of depen- 
dent data stratified into latitude bands. 

When examined in latitude bands, the mean values of 
future 24-hour change in intensity were positive in the 
lower latitudes, O-20N. At higher latitudes, 20-40N, the 
mean value of future 24-hour change in intensity decreased 
to a small positive value in August and negative values in 
all other months. The largest mean value was observed in 
mebensifying August storms, in the 10-19.9N latitude band, 
and in the weakening Nov-Dec storms within 20-29.9N. As 
storms moved northward out of warm southern waters, they 
would be expected to weaken, and this was particularly 
evident in the winter and spring storms (Nov-Jun) moving 
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Dependent data summary in latitude bands with means 
and standard deviations of future 24-hour change in 


done M.S Gey 


Period 


Jan-Dec 


Dec-Jun 
July 
August 
september 
October 
November 


Jul-Aug-Sep 


Nov-Jun 
July 
August 
september 
October 


Jul-Aug-Sep 


Jan-Dec 


(a) 0-9.9N 


Number of 


Six-hourly 


Observations Mean 
WS, ie 
(b) 10-19.9N 
251 345 
136 1056 
eZ VRS ye 
288 ae) 
227 eG S: 
eae Od 
546 Les 
(c) 20-29.9N 
90 =22 2 
S72 =o 
Zee Zia 
330 = Sas. 
217 av eet 
673 ee 
(d) 30-39.9N 
Mea “12.2 


TS 


Standard 
Deviation 


Loe 


2 


197.9 


Zag od 


Zi 0 


2 0re 


ipo aL 


Dave 2 


1970 


20a 


MES POs 


17 U 


20 


20.1 


12-3 





The standard deviation of future 24-hour change in 
intensity was generally smaller when categorized into lati- 
tude bands, thus indicating the importance of subtracting 
out Ane eaten means in different latitudes. However, the 


meandard deviations were still rather uniform. 


free LNDEPENDENT DATA SAMPLE CRITERIA 

The independent data sample used for equation verifica- 
tion were chosen from the years 1955 through 1959. Storms 
in the months of July, August and September were chosen for 
verification. Once again, only observations of storms over 
open ocean were used. The data were not divided ite See 
west or recurving categories, because it would be impossible 
to know in the early stages if a storm was going to recurve. 
Storms of the following categories were eliminated: 

1. Northeasterly moving storms which had an initial 
northeasterly heading. 

Qe otorms which had a genesis west of 125E. 

3. Storms with the first observation reporting a 
maximum intensity greater than 65 knots. 

a Udepine storms. 

Each tropical cyclone was required to have a 48-hour 
Mas tOry, and data were discarded 24 hours prior to landfall, 
Por allow 24-hour forecasts only over open ocean. 

The data were considered in monthly periods, and were 
also stratified into four latitude bands. Table III is a 
summary of the independent test data. The mean values of 


the future 24-hour change in intensity of the independent 
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PASpLE iif 


Independent data summary by month with means and 
standard deviations of future 24-hour change in 
Pacensity. 


Period 
July 
August 


September 


July 
August 


September 


Jieley 
August 


September 


Number of 
Storms 


aha 

12 

16 
(b ) 
(c) 


(d) 


(e) 


(a) 


Number 


one 


Six-hourly 
Observations 


174 


Ves) 


ZO3 


Latitude 


watLtude 


69 


75 


140 


bets. tude 


2 2 


70 


del 2 


Ifa taoteud € 


Band 


Bawa 


Band 


Band 


Monthly Category 


Mean 


POT org 


18.6 


se 


tow 


20> 200 


80-392 


Standare 
Deviation 


2 
ro 6 


Za 4 


4.0 


tO «3 


70.6 


lee 


1s eres 


24.1 


meemindicates that this Latitude Band was not evaluated due 


to small number of observations. 


There was 1 observation 


within 0-9.9N and 26 observations within 30-39.9N. 


ay, 





Sample were negative at higher latitudes, just as in the 
dependent sample data. Likewise, the standard deviations 
were in general smaller when stratified into latitude 
bands, just as in the dependent Sea S The largest mean 
values again occurred in August and September storms. The 
standard deviation of the future 24-hour change in inten- 
Sity of the independent sample is similar to the standard 


deviation of the dependent sample. 


D. DESIGNATION OF DATA 
The variables available for this study are listed in 


Table IV. Veridapiles 2. tirough Z 


1 Were optaineda as 


16 
feemeinal data from the Environmental Prediction Research 
Facility. These parameters ae originally derived for use 
as analog data elements in a study of typhoon movement 
mmearection through analogs by Jarrell and Somervell (1970). 


Variables .Z thmough Z were derived to have available 


7, 22 
Mme changes of intensity, latitude and longitude. Variables 
Zo 3 through Zag were computed as "perfect forecast" para- 
meters. Several of the parameters were combined or manipu- 


lated to describe large scale synoptic factors related to 


Z 39 aun Zany were used to 


generate 219 which is a gradient value of 700mb ridge height 


Seeorm Location and intensity. 


Geminerence divided by latitude separation of the 700mb ridge 
and the storm. Z 13 and Za were used to generate Zins which 
is a gradient measure of 700mb trough height difference 


divided by the longitude separation of the 700mb trough and 


18 





Ehe storm. A number cL spredictors were formed by ara 10. 

and differences of parameters which Liechty (1972) related 
to storm intensity. Zi (intensity minus minimum sea-level 
pressure) is such a relation of intensity and sea-level 
pressure, Z16 (maximum intensity divided by storm size) 

is a measure of the relative strength and size of the storm. 
Storm size is defined as the average radius, in degrees 
latitude, of the outer closed isobar. Variables Z 12 and 


218 were used to generate Z Which is a relative measure 


a2) 
Of the past 12-hour changes of intensity and size. To avoid 
dividing by zero, if the past 12-hour change in size were 
zero, the constant 10.0 was added to Zags and likewise added 
to Zig: Parameter Z (square of maximum intensity) was 


49 

generated to provide a second order variable, and Ze 
(square of intensity divided by size) was designed as a 
relative measure of intensity with respect to size. Although 
sea-level pressure and intensity are highly correlated, Zea 
(intensity divided by sea-level pressure) was created as a 
relative measure of intensity and sea-level pressure. A 
measure of the speed of movement related to intensity of 


the storm was formed as (24-hour speed divided by 


“59 
intensity). Ze. (700mb minimum height minus sea-level 
pressure) was a measure of thickness of the storm. Zep, 
(past 24-hour change in intensity divided by size) was 


designed as a relative measure of intensification and size 


ora Storm. 


no 
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Sea-level (and 7O00MB where specified) predictors 
available at each Six-hourly observation. 


Hs 





“Ou & & Nb Ee 


O wo oo 


Jtak 


a 
ues 


14 


i) 


16 


Ay 
18 
le, 
20 
ZA 
22 
23 
24 
ES, 
26 
Zz? 
28 
29 
30 
Sl 


33 
34 
515) 
36 
37 
aie) 


Variable 


Latitude-degrees and tenths 

Longitude-degrees and tenths 

Past 12-hour direction 

Past 12-hour speed, in knots 

Past 24-hour direction 

Past 24-hour speed 

Size-the average radius of the outer closed 
isobar, in degrees latitude 

Past 12-hour change in size, in degrees latitude 
Minimum sea-level pressure, in mbs 

Past 12-hour change in sea-level pressure, 

in mbs 

Maximum intensity-maximum surface wind speed, in 
knots 

Minimum 700mb height in tens of meters 

700mb ridge Llatitude-north of storm, in whole 
degrees 

7OO0mb ridge height-at ridge Jine north ci storm 
in tens of meters 

7OOmb -treuch longatude-at 35°N-nearest trough 
west of storm, in whole degrees 

7O0mb trough vhetenit=at intersection of strougE 
line at 35°N in tens of meters 

Past I2-hourechange sani neenci ty 

Past. 24—-Rourwechteances tn winmGcens 2 ty 

Past 12-hour latitude change 

Past. 12-hour temeiaude chance 

Past 24-hour latitude change 

Past 24-hour longitude change 


Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 
Future 


12-hour 
12-hour 
12-hour 
12-hour 
12-hour 
12-hour 
LZ Wes, 
24-hour 
24-hour 
24-hour 
24-hour 
24-hour 
24-hour 
24-hour 
12-hour 
24-hour 


latitude change 

longitude change 

7O00mb ridge latitude change 
700mb ridge height change 
7O0Omb trough longitude change 
7O0Omb trough height change 
max intensity change 

latitude change 

longitude change 

max intensity change 

700mb ridge latitude change 
700mb ridge height change 
700mb trough longitude change 
7OOmb trough height change 
sea-level pressure change 
sea-level pressure change 


a0) 








40 
41 


42 


43 


44 
45 


46 
47 
48 


49 
50 
Sal 
Sy 
3)! 
54 
a5 


TABLE IV 
(Continued) 


Variabtde 


700mb ridge latitude minus storm latitude 
Sarre en.) 

Max wind speed minus minimum SLP (255 - Zy) 
700mb ridge height minus min 700mb height 
7 

700mb vridge HT DIFF/LAT SEP of 700mb ridge 
and storm (2,4,/239) 


700mb trough height minus min 700mb height 


(Zi6 - 249? 


7OCmbeEEOUCh Longs Minus storm, Lene. (215725) 
TrouchsHi DLER/ troughsminus storms lone. DLE E 
are 

Max intensity/size (2,,/27) 

Pasteere our Cliange in sizesp lus <10 (Z,+10.0) 


Past 12-hour change in max intensity plus 10 
(2, 5410.0) 


Square of max intensity (aoe 
Square of max intensity/size (Z 


ig eye 


Max intensity/SLP (214/29) 

Past 24-hour speed/max intensity (2,/2,,) 
700mb mrnmhelehe minus SUP (Z,, - Z 9) 

Past 24-hour change in max int/size (2, 3/2.) 


Past 12-hour change in max int +10.0/Past 
12-hour change in size +10.0 (2) 9/2) 5) 


Zey 





In this study, emphasis was placed on generating an 


equation to predict 7 the 24-hour future change in maxi-— 


32 
mum intensity. However, equations to predict actual 24- 
hour Rename values of intensity were also derived for 
several categories. and are presented in Appendix B. 

Results are mainly presented for 24-hour future inten- 
Sity changes, rather than actual intensity values. There 
are several papers concerning spatial and seasonal varia- 
tions in 24-hour intensity changes which are available to 
Bae forecaster, namely Riehl (1971) and Brand and Gaya 


(1971). These papers can be consulted in conjunction with 


the use of the equations from this study. 


Zee 





TJ1L. PROCEDURES (AND METHOD. OF ANSE 


A. THE REGRESSION METHOD 

Many problems in research require extensive analysis of 
large amounts of data. The Biomedical Computer Programs 
(Dixon 1966) were developed to provide programs for these 
commonly required tasks of data processing and statistical 
analysis. The program used in this study was the stepwise 
regression analysis program BIMED O2R. 

BIMED O2R computes, in a stepwise manner, a sequence of 
multiple linear regression equations. One variable is 
added to the regression equation at each step. The variable 
@aded is the one which achieves the greatest reduction in 
the error sum of squares. This variable is also the one 
Pmeen has the highest partial correlation with the dependent 
fet able at the particular step in the analysis of variance. 
Equivalently, it is the variable which would have the high- 
eee E-Value if it were added. The F-value or F-statistic 


mpon entry, Fy is expressed at step k as (Dixon 1966) 


, Be CG avails en Grapes 1) 
Fy (1,n-k-1) « 7 (CED Ek) 


where 


Z(C.E.V.k) is the percent cumulative explained variance 


at step k 


Z(C.E.V.k-1) is the percent cumulative explained 


variance at step k-l 


ZS 





Z4(U.E.V.k) is the percent unexplained variance remaining 
at step k 
The F-value can be used to determine if a variable is 
Sieatistically sigmificant at a particular tea eui Hox 
example, a test at the 54 significance level whether the 
Erue partial regression coefficients are zero yields a 
critical F-value for particular degrees of freedom. As 
long as the F-value upon entry is larger than the critical 
F-value, it can reasonably be concluded that the variance 
accounted for by regression is greater than could be 
expected if all the true partial regression coefficients 


meme zero (Crow, Davis, Maxfield 1955). 


Pee RELATED STATISTICAL PARAMETERS 
Several related statisti@@l parameters are available 
as outputs from the BIMED O2R program. Among these para- 


Merers are: 


10 Multiple correlation coeliie@ment es: 
2. Standard error of estimate, S.E. 

w. “lean value; iT 

4. standard deviation, o 


>. F-value 

R is the simple correlation coefficient if only one 
predictor is added, and R becomes the multiple correlation 
coefficient after k predictors are added. The F-value 
becomes the overall F-value for the equation after k 


predictors are added. The overall F-value of the equation 


24 





can be compared to a critical F=value, for fivevprediterers 
and a given number of independent samples, for a particular 
Significance level to determine if the equation is 


Statistically significant. 


C. DERIVATION OF EQUATIONS 
The BIMED 02R program was used to generate equations 


il@ompredict future 24-hour change in intensity Z The 


32° 


predictors were selected from parameters Z, through Z 


dl 22 


and 229 through Zee im Tableviv.- Variabies £53 through 


£3 were not allowed as predictors since they were future 
parameters and would perhaps not be available to the fore- 
aster. Bhus Enempmedi ction, equation woutldomne« §conmtann 
any parameters other than those available from history or 


mma Current alrcraft obsewwation. Since Variables Lo 


earough Z were not allowed to enter as predictors in the 
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regression equation, it was not determined if any of these 
parameters were of statistical significance and would 
mmaeed enter as predictors. 

This study employed two statistical models to generate 
future 24-hour change in intensity I. The first model 
mas Of the form: 


T=C tC N  TCON, FCN FCN, TC LN -+C EN +C_NI+C ON GTCONQ tC, QNig 


where Co through C and N, through N were determined 


10 a 10 


by the stepwise, least squares technique. Cy through Cio 


are constamts and N. throwelN 


1 ares predictors, The@unmits 


10 


Z5 





of I are knots per day. The second model was of the same 
form as the first. butewass limited tosfive predactore. 
Although some parameters that were still of statistical 
importance were lost in using only five predictors, the 
loss of useful information was very little. The differ- 
ence in results when using five predictors vice ten pre- 
sectors will be discussed later. 

Allo predictors.composing each five-predictor equation 
were Bien using the F-value upon entry of the predictor 
against a critical F-value (Crow, Davis and Maxfield 1955) 
amd were found to be statistically significant at the 57 
Mevel. In addition, the overall F-value of each equation 
jw Compared to a critical F-value for a five-predictor 
equation, and each equation was found to be significant at 
the 0.54 level. 


Regression equations to predict Z (future 24-hour 


32 
change in intensity) using five predictors were first de- 
Paved from the east-west dependent sample data in the 
following seven categories: (a) July (b) August (c) Septem- 
ber (d) October (e) November (f£) December through June and 
Gy July eee September. A summary of the east-west 
data equations is found in Appendix A, Table X. In the 
east-west equations, variable Ze (square of intensity 
divided by size) entered in five of the seven equations. 
Variables Z50 (past 12-hour change in SLP) and Z57 


if—hour change in intensity) each entered in four of Ehe 


(past 
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Seven categories a Variables Z. (current Tarrreuae) sande 


1 2 


(current longitude) each entered in three of the seven 
categories. 

Regression equations were next derived from the 
recurving dependent data in the same monthly categories 
as in the east-west dependent sample and are in Appendix A, 
Table XI. In the recurving data equations, variable Z50 
(past 12-hour change in SLP) entered in each equation. 
Z4 (current latitude) entered in six of the seven equations. 


Variable Z47 (past 12-hour change in intensity) entered in 
four equations. 

fieetesere should be a bias in a current storm and a 
prediction equation could be rene which would detect 
@aas bias and use it in a new equation as a predictor, the 
results of the new prediction equation could be improved. 
A scheme was tried whereby a ten~predictor equation was 


generated to predict Z (past 24-hour change in intensity). 


18 
Mie predicted past 24-hour change in intensity derived from 
this equation was enon Subtracted from the actual past 
24-hour change in intensity, thus generating an error 
parameter to represent a possible bias in the storm. The 
error was then made available as a variable for a ten- 


Peedictor equation to predict Z (future 24-hour change 


29% 
in intensity). This scheme was tried for two cases, Septem- 
ber east-west data and August east-west data. In the 


peptember east-west case, the error parameter did not enter 


iuer the new tLen-predictor Equation to predict Z 30 ioe (219 (2 
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stepwise, least squares technique. In the August east-west 
case, the error parameter did enter as a predictor, but the 
overall results of this new equation were not improved. 

The aes nadaus of generating an error to act as a measure of 
bias, and also show how well an equation was performing in 

meme past to aid in generating a better equation for future 

predictions, did not prove to be useful in these two cases 

and was not tried further. 


Regression equations to predict Z (24-hour future 


32 
change in intensity) using five predictors were next derived 


from all data in the latitude band 10-19.9N for the same 


seven categories as in the east-west and recurving catego- 


mes, and are located in Appendix A, Table XII. In these 
@amations, variahdhe 250 (paste l2-hour change in SL’) engered 
in six of the seven equations. Variable AG (square of 


Current intensity) entered in four of the seven equations. 


Variables Z Commncwite catutwde ) . 


1 (past 12-hour change 


ig 


mimintensity), and Z., (square of intensity divided by size) 


each entered in three equations. 


Regression equations to predict Z (future 24-hour 


a2 
change in intensity) using five predictors were next deanerd 
meom all data in the latitude band 20-29.9N for the follow-— 
Mar six categories: (a) July, (b) August, (€c) September, (d) 
October, (e) July through September and (f) November through 


June. November storms could not be examined separately due 


to the small number of observations in November. 
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The -equati ons stoupredicty 2 for 20-29.9N are pmesented 


or 
iieAppendix A, Table XiLL.. “Vamaable Z50 (past 12-hour change 
mae oLP) entered im five of the six equations. Variables Zs 


Genrrent latitude), (square of current intensity), and 


249 
Zen (square of intensity divided by size) each entered in 
three of the six equations. It should be noted that latitude 
entered as a predictor even after separation by latitude, 
Suggesting that perhaps a finer degree of separation could 
have been used. 

There was not enough data in each monthly category for 
Mme latitude bands 0-9.9N and 30-39.9N to justify generating 
a prediction equation for each monthly period. Appendix A, 
Table XIV is a summary of the equations to predict Zo 
(future 24-hour change in intensity) using five predictors. 


These equations were derived from all data within 0-9.9N 


and 30-39.9N. 


D. EVALUATION OF EQUATIONS 
Pm Dependent Data Results 

tiewmMultiole correlation coefficient, (€K), and the 
standard error Of the estimate, (S.E.); of each five predice— 
tor equation were compared to R and S.E. of persistence 
(past 24-hour change in intensity) when used for predicting 
the future 24-hour changes in intensity. A 24-hour forecast 
was made at each 6-hourly observation time using both the 
five-predictor equation and persistence (linear extrapola- 


tion). These forecasts were compared to actual future 
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24-hour changes dn intensity. A tabulation GCieheand) 2. 
for both equation and persistence for each dependent-data 
category is presented in Table V. In each category, Gie 
@errelation coefficient for predicting future 24-hour 
change in intensity was higher for the five-predictor equa- 
on than for persistence, and correspondingly, the 
standard error of the estimate was lower for the equation 
than for persistence. 

In general, when using equations to predict future 
24-hour changes in intensity, the larger the sample size, 
the smaller the correlation coefficient. The most difficult 
meraod to predict, i.e., the period with the smaller corre- 
lation coefficient, was the sample from the combined months 
Gaswuly, August and September. Using persistence to predict 
future 24-hour changes in intensity, a smaller correlation 
Coefficient did not always correspond to a larger sample 
cz . Suen ere DEedwer On equation still eave bette 
results than persistence, in each category. 

2. Independent Data Results 

The ease of the statistical regression 
equations in predicting future 24-hour change in intensity 
was first examined as in the dependent data by looking at 
mye correlation coefficient (R) and standard error of the 
estimate (S.E.). The predicted change in intensity was 
compared to actual future 24-hour change in intensity. R 


and S.E. for predicting future 24-hour change in intensity 
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TAB hE V 


Gorrelation coefficient (%) and standard erropoeort cstumatc 
(Si.E.) of five predictor equation and persistemcenno wpuc— 
dicting future 24-hour change in intensity of dependent 

Sample. . 
a. East-West Data 
Equation 


Sample Equation Pexssiist ence 
Category rege R 5.E. R S.E. 
JULY 2 SES hayes) yoo Heals 
AUG i773 »65 Z0n, A. 06 Aer ve 
Sus? T Bay 74 14.5 223 iltss cdl 
OCT ies. Too To ee o26 2220 
NOV 102 m8) 74 JUL ars rays, 16.4 
DEC-JUN 149 .68 Lhe ao 222 
BUL-AUG-SEPT 7/48 66 Le Pe ou ale, 7 
b. Recurving Data 
UL Y 41 ~94 4.1 84 9 2) 
AUG 250 ./0 SETA, SO 1334 
SEP e723 el 14.2 ~45 Bess 210) 
OCT 380 1/6 14.8 ~40 ZUG 
NOV 206 80 tae 48 oo 
DEC-JUN 246 ~75 et 7 eo Zoe 
MUGeAUG-SEPT 612 769 s/n ~42 gy Re /. 
oy BWR) En 
JAN-DEC 190 aware Toe ~42 Nye 
Ge O- 19,9 N 
JULY 6 76 2a eg 13 
AUG 22 ~/78 14.6 Too 2A 
SueP T 209 ~64 EG ae 44 pee ES, 
OCT 220 .68 14.8 3 Ae el 
NOV Jey) » 80 iene 28 eee 
pEc—-JUN Za 67 7 a3 5 2 
JUL—AUG-SEPT 546 03 Ga oF Leas: 
e. 20-29.9N 
JUL i 2 OO = 1D. yey ee 
AUG Zo 64 Peau UD ZS Ta2 
pe PT 2) 39, "oO Ue eee. ie) ibe) 
OCT ey, 80 teen: 210 Ne 
NOV-JUN 90 » 83 JEi0 ie) 27 ao.4 
JUL-AUG-SEPT 6/73 ye J Oi 28 Los 
Es. gO. ON 
JAN-DEC 27 72) TO 22 -04 D2 
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were compared with, corresponding R and S.B. values roca 
Porecast using only the past 24-hour change in dneensie, 
(persistence). These values are presented in Table VI for 
independent data. Just as in the dependent data sample, 
mae correlation coefficient of the equation was higher in 
each category than that of persistence when predicting 
future 24-hour change in intensity. In general, equations 
from combined July, August, and September data gave higher 
Mr elation coefficients than equations derived from one 
memth. ihe most difficult month to forecast was September, 
and the best results were seen in August when examining 
@errelation coefficients. September was also the most 
foreccuilt month when using only persistenee, and July and 
August were about equal in forecasting with persistence. 

A second, perhaps more timely method of evaluating 
the performance of each equation is the test recently used 
fpeethe Fleet? Weather Central/Joint Typhoon Warning Center 
at Guam, Marianas Islands. When considering the standard 
mumeanm of estimate (S.E.) and correlation coefficient (R), 
equal weight is given to the error in the future 24-hour 
change of intensity of a storm, regardless of the actual 
intensity of the storm. However, a 20 knot error ina very 
intense typhoon is not as important as the same error in a 
weak tropical storm. To overcome this deficiency, FWC/JTIWC 


Suggested describing errors as a fraction of the observed 
wind: 


Peomecast Unecis ity  — Ubeerved Tmeeue vty 
Error = ; ; 
Opserved Intensity 
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Some acceptability criteria (from the viewpoint of adequacy 
for disaster control planning) were established by FWC/JTWC 
Bor a 24-hour forecast as follows: 


ACGCCureate GO wenn 


measurement error EPuor JO 
Adequate Error ceco7 
Useful Error < 304 
Inadequate ErGcou pau, 


The criteria became less stringent for 48-or 72-hour 
mememasts (FWC/JTWC 1970). The distributions of FWC/JTWE 
mee OC and 1971 24-hour intensity forecasts, according to 
peeceptability criteria, were as follows (FWC/JTWC 1970 and 


EG PACOM 1972): 





270 geo 7 1 
-Accurate to within 
measurement error lye igo A 
Adequate Bye Speiy4 
Useful 707 TDG 
Inadequate/Misleading B07, ZOF, 


These results provide a guideline for evaluating 
the statistical regression equations using the independent 
sample from 955-59. For example, a typical error of 10- 
15 knots in 24 hours could represent an accurate forecast 
for an intense typhoon or an inadequate forecast for a weak 
Eropical cyclone. 

a. Five-predictor equations derived from east-west 
and recurving data 

A 24-hour forecast was made at each 6-hourly 


observation for data grouped by monthly periods. Since it 
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Pb LEY i 


G@orrelation coefficient (RR) and standard errorro1 ese inate 
(S.E.) of persistence and five predictor equation for pre=- 
e1cting future 24-hour change in intensity of independent 


Sample. 


Equation 


July E-W 
wirlLy Rec. 
July 10-19.9N 
July 20-29.9N 
July-Aug-Sep: 


E-W 
Rec. 
0-19 .9N 
20-29.9N 
Aug E-W 
Aug Rec. 


Aug 10-19.9N 
me 20-29.9N 
Jul—Aug-Sep: 


E-W 
Rec. 
1O-19.9N 
me-29.9N 
Sep E-W 
pep Rec. 


sep 10-19.9N 
Sep 20-29.9N 
Jul-Aug-Sep: 
E-W 
Reie. 
me—-19.9N 
mo-—-29.9N 


Sample 


Size 


174 
174 


OZ 


174 
174 


OZ 


le es 
158 
vO 
dp 


ie 
dey. 
IGS, 
70 


223 
as 
140 
Jil 


233 
ZS 
140 
aay 
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a July Data 
Equation 
R. Sais 
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was unknown whether a storm would be an east~west moving 
storm or a recurving storm, a 24-hour forecast was made 
Ieaing @€quations dérived Lrom each category of dependent 
data. Both July east-west and July recurving equations were 
used on July data. In addition, equations derived from the 
combined dependent sample months of July, August and Septen- 
ber in both east-west and recurving categories were used 

for each monthly period. The future 24-hour change in in- 
tensity ‘was obtained either from the appropriate equation 
Mmameppendix A,~Table X or XI, or using persistence (past 
24-hour change in intensity) and added to present intensity 
to give the 24-hour forecast intensity. 

Parts “a,b and ¢c of Table VIL are distribution: 
of 24-hour forecasts of intensity using statistical regres- 
Sion equations. These are grouped by monthly periods from 
Mueeye through September. Part d. of Table VII, is the dis= 
tribution of 24-hour forecasts using persistence. The fore- 
awees made in Table VII, part d. were not subjectively 
Mediftied in any manner, yet the average distribution by 
persistence corresponds very closely to the distribution 
of the forecasts by FWC/JTWC for 1970 and 1971 as shown 
previously. PESsanples aremoimilar, this suggests tire 
official forecasts in these years were nearly equivalent 
io persistence. in the following comparisons, forecast 
results better than a persistence forecast may then be 


Sonsidered better than official forecasts. 


a 





TABLE VII 


Weceptability distribution of 24-hour intensity ftovecases 


for independent data in percent of sample size. 


Mquation: 


Accurate 
Adequate 
Useful 
Inadequate 


pauiation: 


Accurate 
Adequate 
Useful 
Inadequate 


Equation: 


Accurate 
Adequate 
Useful 
Inadequate 


Period: 


Accurate 
Adequate 
Useful 
Inadequate 


a 


an = Jalyetata—"“Sample Size ly4 


Jiaaliny: 
East-West 


b. August Data - 


August 
East-West 


c. September Data - 


September 
East-West 


July 
Recurving 


August 
Recurving 


September 
Recurving 


Jul-Aug-Sep 
East-West 


Jul Aiea 
Recurving 


47 
77 
84 
16 


Sample Size 158 


Jul-Aug-Sep 
East-West 


oe, 
82 
zl 

2 


Sea ep 
East-West 


Jul-Aug-Sep 
“Recurving 


34 
ore 
ve 

9 


Sample | Saze 255 


Jul—-Auc-] See 
Recurving 


44 38 43 42 
67 70 al Hal 
90 88 86 88 
10 42 ae ie 
d. 24-Hour forecast using linear 
extrapolation (persistence) 
draaley. August september Average 

Zo 38 30 See 
50 66 oat Soe, 
71 80 67 Vow? 
Zo ZO 33 Ze 
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Bach Statistieal resression equation ¢aveumuch 
better performance than persistence. Persistence gave more 
useful information in August, and likewise the regression 
equations gave slightly more useful information in August. 
The following is an average of the distribution of forecasts 


for the three-month independent sample by equation category: 


Jul-Aug-Sep Jul-Aug-Sep IU uie aka’; Indiv: 
Equation: Recurving East-West Monthly Monthly 
BW Rec. 
Accurate 47.7 see Wo. 6 LORS ALD, 
Adequate i720 74.7 Poa (les 
Useful oe / Ovid S64 / Cane 
Inadequate J dara: eZee 


Ulee are 15.7 

In general, the regression equations derived 
from the combined three-month dependent sample gave better 
results than the equations derived from individual months, 
suggesting that equations derived from a larger sample are 
more accurate. ibm” addition, the combined data equation ais 
easier to apply. There was little difference in results 
whether using an equation derived from east-west or recurv- 
[mre data, indicating either equation could be applied with 
equal success. As a matter of convenience, the equation 
from combined monthly data should be used, thus eliminating 
the need to use a different equation for each month and for 
storms which extend into the next month. 

b. Five-predictor equations derived from data with- 

in latitude bands 

The data were next evaluated using the regres- 


Sion equations developed from storms in latitude bands. 


a7 





TABLE VIII 
meceptability @disturbutiom son 24—hour antensity forecaster. 
in percent of sample size for independent data in latitude 


Pama 10-19.9N. 


a. July Data - Sample Size 69 


Equation: ig ey Jul-Aug-Sep Persistence 
10-19.9N 10-19.9N 

Accurate 48 Do 23 

Adequate 81 83 oil 

Useful 93 as 8 pe 

Inadequate i! 7 Awe 


: by sAteust Data — Sample Size 75 


Equation: August Jul-Aug-Sep Persistence 
POS ee TO eo 

Accurate IAT 47 36 

Adequate 58 76 56 

Useful 15 87 81 

Inadequate Za 13 19 


c. September Data - Sample Size 140 


Equation: september Jul-Aug-Sep Persistence 
LOS 10-19.9N 
Accurate 37 oy) Sz 
Adequate 65 69 54 
Useful 84 5 6 Ee 
Inadequate 16 14 28 
d. Average for three-month period 
Equation: Pndividual Jul-Aug-Sep Persistence 
Months 10-19.9N 
Accurate Se a oye ee Ones 
Adequate 68 76.20 Sone 
Useful 84 j 88.7 7 Oe 


Inadequate 16 fies 210475 
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TABLE 1X 


Acceptability distribution of 24-hour intensity forecasts 
in percent of sample size for independent data in latitude 


band 20-29.9N. 


Equation: 


Accurate 
Adequate 
Useful 
Inadequate 


mauvatilon: 


Accurate 
Adequate 
Useful 
Inadequate 


Equation: 


Accurate 
Adequate 
Useful 
Inadequate 


Equation: 


mecurate 
Adequate 
Useful 
Inadequate 


a. elulvevaba - sample Size 92 


July Jul-Aug-Sep Persistence 
20-29.9N 20~-29.9N 
39 40 oe ae 
70 70 2 Diane 
85 85 eteig & 
L5 a5 Sia 


b. August Data ~ Sample Size 70 


August Jul-Aug-Sep Persistence 
20-29.9N 20-29.9N 

es 25 40 

90 87 74 

2) 94 13.) 

3 6 2 


Cc. Se@eptemb@e Data - Sample Size 112 


September Jul-Aug-Sep Persistence 
20-29.9N 20 2 

47 20 25 

74 76 fom o 

oy 93 61 

13 7 Be, 
d. Average for three month period 
Individual Jul-Aug-Sep Persistence 
Months 20-29.9N 

yO 47.7 S22 

78 78.3 Sep 

89.7 207 Ore 

10.3 eee: bs Oy 
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Due to the lack of sufficient independent data in the 
bands 0-9.9N and 30-39.9N, the equations in these latitude 
bands were not evaluated. The approach used to evaluate 
each equation was to apply individual monthly equations and 
also combined July-August-September equations to monthly 
data in a given latitude band. Tables VIII and IX are ac- 
Sepecability distributions by months for 24-hour intensity 
forecasts in latitude bands using statistical regression 
equations from Tables XII and XIII, in Appendix A and also 
using persistence. Each equation performed better than 
persistence in 24-hour intensity forecasts except the equa- 
tion derived from August data within 10-19.9N. Regression 
equations to forecast 24-hour intensity for July storms 
@ave 93 percent useful information within 10-19.9N and 85 
mercent useful information within 20-29.9N (Table VIII). 
However, in August and Septethber storms, regression equa- 
meoms gave more useful information within 20-29.9N than in 
Moe tO-19.9N band. Forecasts using regression equations 
gave more overall useful information within the 20-29.9N 
band, as seen by comparison of part (d) in Tables VIII and 
IX. Considering only persistence, more useful AP oan aren 
was provided within the 10-19.9N band. Persistence fore- 
casts yielded more useful information in July and August 
than in September, regardless of latitude. 

Comparison of the distribution of useful intor- 
Mmaewon given in Lables VII, VII "and) IX with the correlaq 


tion coefficient (R) in Table VI provided some very 
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imteresting resubtsw. @hemcorrelation coefficient eyvas 044 
for the Jul-Aug-Sep east-west and recurving equations in 
Table VI, part (a). Indeed the amount of useful information 
mrable VIII, part Ca) was almost equal, being 86 and 84 
mMercent respectively for the two equations. From Table VI, R 
for the July east-west equation was 0.73 and for the July re- 
Sarvying equation 0.53. As expected, the useful information 
decreased to 83 and 76 percent, respectively, for the two 
equations. This general trend was consistent throughout 
most of the comparisons. However, the actual magnitude of 

R when considering persistence compared to equations did 

not appear to be a good measure of usefulness. The correla- 
mrom coefficient (RR) of persistence for August data within 
me=1°9.9N was 0.10 (from Table VI, part (b)), compared to R 
mex the Jul-Aug-Sep 10-19.9N equation of 0.62. Considering 
m@ewcistribution of useful information in Table VIII, part 
(b), persistence yielded 81 percent and the equation yielded 
87 percent. Although there was a marked difference in R, 
the amount of useful information was relatively close. The 
evaluation scheme examining R considers only absolute 

error and applies equal weight to an error regardless of 

the intensity of the storm, and focuses on wormalized 
intensity changes, whereas the JTWC method focuses on 

metual intensity. This may account for the differences 12 
ere distribution of UuSefUl informatron in the PWC) J1WC 


method compared to the correlation coefficients. 
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Considering petn latltude bands. 10-1979) Band 
20-29.9N, the combined equation derived from July, August 
and September data produced equal or more useful informa- 
tion than equations derived from a single month. The fol- 
lowing is a combined average of the distribution of the 


‘equations for the two latitude bands 10-19.9N and 20-29N: 


Individual 
mauation J Ue = Sie p Mon t aly Persistence 
Accurate 1S Cae ce es 
Adequate oe ee 732.0 Ores 
Useful aoe 7 86.8 Jit G 
Inadequate Or 3 sige ays jae AS 


The overall averages indicated that two equa- 
fions, namely Jul-Aug-Sep 10-19.9N and 20-29.9N, could be 
Meea for predicting future 24-hour change in intensity for 
any storm in the respective latitude band, regardless of 
the month of occurrence. These equations yield significant- 
[eepetter results than linear extrapolation and slightly 
better results than the individual monthly equations. The 
combined equations from Jul-Aug-Sep data in the latitude 
bands produced 89.7 percent useful information compared to 
87./7 percent useful information from the combined data 
equations in east-west or recurving data. Thus only two 
five-parameter equations are required for forecasting 24-hour 
Mmerensity of tropical cyclones in the months of July, Auguse 
for September, One equation will apply to sstorms within 
fe LoegN and the aenee for storms within 20-29.9N. Each 


equation gives significantly more useful data than 
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persistence,and thus gan be expected to perform better than 

the present methods now being used by FWC/JTWC. As a storm 

moves out of these two latitude bands or occurs in other 

months, a variety of equations are available in Appendix A 

Saaeeh will yield better results than simple extrapolation. 
c. Ten-predictor equations 

Equations using ten predictors were derived 
from the same data categories as the feed 1 naon equa- 
tions. Each ten-predictor equation contained the five-para- 
meters which made up the corresponding five-predictor 
equation as well as five additional parameters. Most of the 
five additional parameters were of statistical significance 
at the 5% level when considering the F-value upon entry. 
Although some ten-predictor equations contained predictors 
madeh were not Significant at the 54 level, the overall 
F-value of each ten-predictor equation remained above the 
Mert ical F-vyalue for the 54 level. 

EaciUubel=prcdi GlhoOn equation provided more susen am 
information than persistence when forecasting 24-hour in- 
Bensity. However, considering the distribution of accept- 
able information from ten vice five-predictor equations, 
there was little difference. A comparison of the percent 
distribution of acceptable information from Jul-Aug-Sep 
combined data ten-predictor equations within 10-19.9N and 


20-29.9N verses the corresponding five-predictor equation 


Follows: 
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Ten! reaLcror Five-Predictor 


Independent Equation Equation 
Data Koc Ade. Use. Reece siden Use. 

Jud 10-19.9N 60 S3 23 55 83 73 
Aug 10-19.9N 46 ae. 88 47 76 ald 
sep 10-19.9N 44 ie 82 a) 69 86 
Ree 2 O0-29.9N 43 i3 87 40 70 85 
Pus 20-29.9N 63 3 96 oye) 8/7 94 
pep 20-29.9N 44 is 94 >i) 78 o8 


As seen from the above, there was very little 
Beebe gained by using a ten-predictor equation vice a five= 
meedictor equation, and certainly a shorter equation is much 
more desirable from an application point of view. Ten- 
predictor equations to predict actual 24-hour future inten- 


Sity are presented in Appendix B with an evaluation of 


acceptable information in Table XVI. 


44 





LV. SUMMARY AND CONCLUSIONS 


statistical regression equations to predict ™iuture. 24— 
hour change in intensity of tropical cyclones were derived 
meom a history file of tropical cyclone data stratified by 
monthly periods into the following categories: (a) East- 
mat moving storms, (€b) Recurving storms, (c)@Al1] storms 
Within latitude bands 0-9.9N, 10-19.9N, 20-29.9N and 30- 
PeeoN. Storms were eliminated which €1) had an initial 
northeasterly heading which continued to move to the north- 
Paste(2)aitad a@eiemesis west of@825E, (3) had a first 
observation reporting a maximum intensity greater than 65 
knots, (4) looped, i.e. formed a complete loop in the track. 
All data were considered over open .ocean only. The depen- 
dent sample covered a ten-year period (1960-1969), and the 
Me pcndent test sample covered a five-year period (1955- 
Peo) ) . 

Analysis of forecasts using the independent data sample 
emdicated that ate statistical regression equations could 
be used to determine future 24-hour changes in intensity of 
Mmaopical cyclones with forecasts which are Sienificantly 
more accurate than current methods based mainly on persis- 
Eence. 

Although typhoon intensity, size, and speed of movement 
Varies with month (Liechty 1972), only two five-predicto: 


equations were required to forecast 24-hour intensity 
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ehanges in the majority of July through September steuns jm 
Bene western North Pacific. fhe two equations predict inten= 
euty changes of tropical storms and typhoons OccUrEFiIng item 
July through September within a given latitude band. Since 
none of the past 24-hour predictors were selected for these 
mations, (Appendix A, Tables XIE (2) and XEEI (£)) only 

I2 hours of history are required before a forecast can be 
Made. The five predictors are readily available to the fore- 
Caster, and within minutes, a forecast can be made using the 
equations. If tropical cyclones or typhoons occur outside 
the area or periods covered by these two equations, a variety 
of additional prediction equations from which the forecaster 
may choose are included in Appendix A. 

The statistical regtessi@m equation to predict future 
me-hour intensities of typhoons must be considered as only 
one additional tool to aid the forecaster. It must be 
remembered that the values of parameters required by these 
equations may contain errors, thus somewhat degrading the 
accuracy of the cer ee The only real test will be with 
operational data rather than post-season smoothed, best 
track data. However, these equations, when combined with 
experience, synoptic data, subjective modifications, and 
erimatological guides, should greatly improve the accuracy 


of present methods of typhoon intensity forecasting. 


46 








APPENDIX A 


Statistical regression equations using lee parameters 
to predict future 24-hour change in intensity in knots per 
24 hours are presented. Tables X and XI are the monthly 
equations derived from east-west and recurving data respec- 
tively. Tables XII and XIII are the monthly equations de- 
rived from data within latitude bands 10-19.9N and 20-29.9N 
respectively. Table XIV presents the equations derived 


from data within O0-9.9N and 30-39.9N. 
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TABLE X 


Regression equations derived from east-west data to predict 
Mmmture 24-hour change sine intensity (kt/24hr). 


fa) July (b) August 
Predictor Z Coeffitecient Preaqpceor Z Coefitvetent 
CONSTANT “2 25 CONSTANT -~60.53868 
IL -0.99618 2 0.86914 
10 -0.65633 10 ~0.68542 
50 -0.00996 ibe =] 2 9 
Gy -46.59335 50 ~0.00928 
54 0.85886 >> 2.460633 


(c) September 


Preedictor Z 


Coeriici1ent 


Cd sOCct ober 
Predictor Z 


Coefficient 


CONSTANT — Sone > CONSTANT = 2 3 One 
Z 0.41633 LS: 2 UlOo 5 

iia 0.58877 iy) 1.43920 

L7 Ot Aye 42 Oeaiz 7 6 

Sy, iosgs 1 46 = Oe 

49 -0.00402 50 = O70 2010 a 


(e) November 


Peeaictor Z 


COoGmracrent 


(£) December through June 


Predictor Z 


Coefficient 


CONSTANT L024 O02 CONSTANT {25270 
IL SIR KS 3) oe 10 = 1 bos / 

14 = 3 lace oe =o On0 yD 

iy 1.14865 44 Onan Si 

1 = Oe 5 46 =O2 3555 

50 =). U06o2 49 =O. 0009 2 


(¢) Jul-Aug-Sep 


Predictor Z 


Coefficient 


CONSTANT = 2 one fy 
i -0.87414 

2 0.36726 

10 -0.56878 

iy 0.48592 

50 -0.00566 
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TABLE XI 


Regression equations derived from recurving data to predict 
BuctUure 24-hour change in imtensity (ke, 24hr ). 


fa) Ju Ly (b) August 

Boeedictor Z Coeffierent Predictor 2 Goefficient 

CONSTANT -456.68408 CONSTANT 18.12944 
10 -0,..85937 A} -~1.31838 
ES -0.14767 10 -0.59213 
39 J fees ghd O68 56 
Bro -0.66595 Uy 02.325 53 
54 L209 49 -0.00481 


(d) October 
Preditetor 2 


(c) September 


Predictor Z CoOceckiLcient Coefficient 


CONSTANT GG aGZ2640 CONSTANT food hs a) 04 
1 malls Jy Ly i eet 416) Slee 
Iho. =o OS 10 SU les) 2 18) 
IW 0.40493 17 0.40350 
zy =r, Ol Ono 49 =0 00a 
aya = Oi eo a2 =~) = Go 


(e) November 
Predictor Z 


(£) December through June 


CoaefLiitecient Predictor. -Z Coetitici ent 


CONSTANT ZO 24 a1 58 CONSTANT -3.93260 
1 = ior al “Jr oUow a 

5 0.03156 10 =] Pale o3) 

Ue — Veeco Jat 0.39558 

42 =e ee ines: lite Ors 3 

50 =-0. 00305 49 == 05 OCIS oye 


(g) Jul~-Aug-Sep 


Peedaqictor Z CoCr Ea crene 


CONSTANT 43.25537 
1 -~0.99846 
10 0.35953 
fal =0.20295 
17 0.43457 
19 — =3.10880 
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TABLE 


Regression equations derived from data within 10-19.9N to 
predict future 24-hour change in intensity (kt/Z24hr). 


(a) July (b) August 
Eredictor Z Coefficient Preadmetor. 2 Coefficient 
CONSTANT -381.99585 CONSTANT -~862.32739 
a -0.83874 10) ~0.63809 
14 J] 4 Be 14 2 oe OO) 
18 0.36930 I: 0.88987 
50 ~0.01267 49 -0.01949 
52 -64.10526 5a 2429.88159 
(c) September (d) October 
Moeedictor Z Coefficient Preaqrekor Z Coefficient 
CONSTANT 2.19348 CONSTANT -0.28871 
10 -0.40875 8 3. 2OmeSS 
44 ~0.25284 10 -0.76968 
46 0.86847 hed: Ola 267 5 
50 ~0.00940 ey O75 2439 
D4 La D6 2 49 -~0.00426 
(e) November (£) December through June 
Peecaictor Z Coefficient Prediecror Z Coefficient 
CONS TANT =3 1220357 CONSTANT 3 2A Tay 
1 = Dy Ste ee ae ee Oe 
2 0. S5Si67 10 -1.10579 
10 ~0.39322 ee -1.63809 
42 0.29826 aS ~0.15726 
49 =0, 00004 49 =05001 21 
(2) Jul-Aug-Sep 
Pieedictor Z Coeciiicitenet 
SoNS TANT =44 7026002 
Z OG soe & 
10 -0.48747 
7 UR Sy Re ir 
46 Ol 6317.6 
50 | -0.0086/7 
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TABLE XIII 


Regression equations derived from data within 20-29.9N to 
mpaedict future 24-hour change in intensity 9). t7 24h 


a) July Cb }eAmecus t 
Beedictor Z COOGEE 1 caseaue Predictor °Z Co@fricient 
CONSTANT 3/2083 83 CONSTANT BO 44 78es 
10 -0.76135 el -~2.04376 
16 —-1,20242 2 OF 24200 
2 ~4.78572 LO ~0.59548 
50 —0, 00632 19 ~7.04820 
oe 0.94574 49 -~0.00166 
(c) September (d) October 
Peeedictor Z Coefficient Prealector Z Coefficient 
CONS TANT User, 5) oy OMe} CONSTANT 47.95605 
1 -—0%5:63702 a =e Gog 
yi 5633 2 0.40305 
LO -0.27586 3 O70 a7 
ol =207 123415 eal OD aS 
as. D6 46665 49 -0.0041/7 
(e) November through June (£) Juli-Aug-Sep 
Beedictor Z Coefficient Predictor, Z CoekiiTec1ent 
CONSTANT ara ee oa tal CONSTANT? 6.56849 
5 OO Sicovresl 6) 10 -~0.45188 
ime) = Ore ies | 19 -3.30801 
18 0.246472 49 =O O10 G > 
42 -~2.66/799 40 -~0.00373 
50 -0.00538 5S 4796910 


3) di 





TAG LES 8 ¥ 
Regression equations derived from data within 0-9.9N and 
30-39.9N to predict future 24-hour change in intensity 
ck /24hr). 


ao Jeane trOur heer wien in Ooo 


Predictor. 7 Coerticient 
CONSTANT -~2.86331 
8 =—33/220 
AO = Lede] 
et OS SclPo6 
46 -~1.87045 
49 -0.00389 
b. Jan through Dec within 30-39.9N 
Predietor 3 Coertticient 
CONSTANT ct Lay fed hee OP ea) 
aS =—0,2604/703 
16 0.67054 
1s = e016 
22 0.48649 
50 -0.00462 
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ALE Sl Bb 


Ten-predictor regression equations were derived to 
meedict actual future 24-hour intensity of tropical cy- 
clones using the data in Section II and the methods of 
Section III. Two equations were derived from combined 
July, August and September data within 10-19.9N and 20- 
29.9N, and are presented in Table XV. These ten-predic- 
tor equations were evaluated with the forecast verifica- 
tion scheme employed by FWC/JTWC, and the results are 
mound in Table KVL. The distribution of useful initiorma- 
tion obtained from these equations which predicted 
mecual future 24-hour intenmeity is very simidar to the 
mesetribution obtained from forecasts using ten-predictor 
equations which predicted future 24-hour changes in 


intensity. 
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TABLE XV 


Ten-predictor regression equations derived from combined 
uly, August, and September data tomprediceraecula  eiuture 
me-hour intensity (in knots) of tropical cyclones within 
latitude bands. | 


(a) 10-19.9N 


Predictor. Z Coefficient 
CONSTANT  -73.9 
Z 02562306 
3 OO, 05201 
10 -0.42194 
a ie U9 > 
al =—0,18754 
17 O40 64 7 
19 2 79) 2 
39 O24 2303 
49 -0.00303 
50 -0.00391 
(b) 20-29.9N 
Prediveror Zz Cocrercient 
CONSTANT LAalee 
1 ~1.25443 
2 -~0.25864 
10 Wee) OO 
aed 1.89980 
16 ~0.45965 
17 —-U5 32026 
19 -2.91058 
50 -0.00449 
oak -895.2 
D> 6.91715 
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TABLE XVI 


meceptability distribution of “tpiiommationo an) percenemu: 
Sample size from 24-hour future intensity forecasts 


Tithin latitude bands using ten—-predictor equattanc. 


(a) Jul-Aug-Sep 10-19.9N equation to predict 


(b ) 


(c) 


(d) 


actual intensity 


Dabka within 


# 4c 
10-19.9N Jul (69) Aue ct7 5.) 
Accurate 61 46 
Adequate ag 73 
Useful us 88 
Inadequate A 2 


Jul-Aug-Sep 10-19.9N equation to predict 
fibensitty change 


Data within 


* % 
10-19.9N Jul (69) Webs (C9) 5) ) 
Aecurate 60 46 
Adequate 83 72 
Useful 93 88 
Inadequate y 12 


Jul-Aug-Sep 20-29.9N equation to predict 
actual intensity 


Data within 


20-29.9N Tula) = eee oO 
Recurate 44 67 
Adequate | 68 0 
Useful 82 sy 
Inadequate 18 3 


Jul-Aug-Sep 20-29.9N equation to predict 
intensity change 


Dat a wallet in 


* * 
20-29.9N Jude a2 Aug (70) 
Accurate 43 63 
Adequate 7 91 
Useful 87 ‘36 
Inadequate 13 4 


*Denotes sample size 


25 


sep 


44 
qe 
82 
18 


Sep 


46 
ue 
72 

8 


Sep 


44 
oO 
94 

6 


(140) * 


Cio 


Gee 


Choe 
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